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l Introduction
As fetal electronic monitoring has become a routine practice in modern obstetric units, rapid and accurate Interpretation of the cardiotocograph tracings has become important. Decreased fetal heart rate (FHR) variability is the most constant finding observed in severe fetal distress in the ante partum period. An experienced obstetrician, if acquainted with electronic monitoring, can recognize the silent pattern predicting imminent fetal death. Whether there is a gradual diminution of FHR variability in correlation with hypoxia from normal to silent pattern is not known. Quantification of less severe changes in the variability by visual inspection of the cardiotocograph tracings is problematic, even when electrocardiography is used for processing [S] . Computer methods for quantification of FHR variability from direct fetal electrocardiography (FECG) [l, 2] and fetal magnetocardiography (FMCG) [4] have been presented. These methods are based on statistical analysis of the sequential interVals measured from fetal electric or magnetic QRS complexes. Since fetal magnetocardiography is not yet generally applicable clinically, there has been no accurate method available for ante partum use. This paper presents a Computer System for the statistical analysis of fetal QRS intervals measured from abdominal FECG. VEIKKO 
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Patients and methods
In order to compare the variability indices obtained by abdominal FECG with those obtained by direct FECG, both indices were calculated simultaneously from four fetuses during labor. A HEWLETT-PACKARD (HP) 8030 A cardiotocograph was used s an amplifier for the abdominal FECG and an HP 8020 cardiotocograph for the direct FECG. Both Signals were also recorded simultaneously on magnetic tape (Instrumentation recorder HP 3960). 0300-5577/79/0007-0027S02.00
Processing the Signals
The block diagram for the QRS interval analysis System is shown in Fig. 1 used to operate the System. From the console the operator can select e.g. the measurement time and störe intervals on cassette tape if necessary. The Signal to be analyzed is fed into the QRS detector, the Output of which is connected to the -FHR processor [3] . The FHR processor calculates the QRS interval lengths in digital form (in units of 0.5 ms, accuracy ± 0.6%). Both the detector and the processor contain logic for selecting correct fetal QRS intervals for the analysis. When an interval has been calculated and accepted it is triggered into a digital input register which is ä Standard modide in the CAMAC interface. A NOVA 2 minicomputer reads the contents of the register into its memory. It also calculates the corresponding heart rate and appends it to the FHR pattern which is shown on the x-y display unit. In order to be able to choose only the successive intervals for statistical calculations, a CAMAC clock module is used. If the time that has elapsed from the previous trigger pulse is equal to the interval length, the intervals are successive. When the abdominal FECG is analyzed, some of the intervals are nonsuccessive although they are probably of fetal origin, because two or more fetal intervals between them are lost in the rejection of the maternal QRS complexes. However, statistical calculations are possible, if nonsuccessive intervals are rejected. The NOVA program calculates two parameters of Variation, the interval index (II) and differential index (DI) [6] , For definition of the indices, see the Appendix. The analysis program also contains logic for rejection of the erroneous intervals that are not found by the detector and the processor. The maximum difference of successive intervals can be selected manually by a keyboard command. In the analyses performed here f , the maximum difference accepted was 5 bpm. After the analysis the FHR pattern on the x-y display is revised to the intervals which were used for calculating II and DI. From this improved FHR curve the operator can check the validity of the calculated parameters. Finally, the console printer prints out the number of intervals used (N^, the number of differences used (N D ) and the variability indices II and DI. The correlation between abdominal and direct FECG in the calculation of II and DI from 37 samples of simultaneous recordings during another labor is presented in Fig. 3 . The correlation analysis for four labors are presented in Tab. I. 
Discussion
The correlation between the statistical indices measuring the long-and short-term variabilities, computed from abdominal and direct FECGs, is good and linear, somewhat better for II or longterm variability (r = 0.95 ± 0.02) than for DI or the short-term variability (r = 0.83 ± 0.08). The correlation coefficients are essentially better for the abdominal interval analysis than for the visual semiquantitative evaluation of the cardiotocograms recorded by direct FECG [5] . Estimation of the long-term variability is easier than that of the short-term variability by both methods. It is to be noted that a reliable statistical analysis is achieved, although a considerable number of fetal intervals (~33%) is lost due to overlapping maternal QRS complexes. A perfect correlation between the abdominal and direct methods would show r = l, y-intercept = 0 and slope = 1. Linear regression of the calculated data suggests that it would be beneficial to use a correction formula,
to find a better approximation of the true index DItrue (obtained by direct FECG). The material of calculations presented is, however, too small to be a basis for optimal corrections. The need for corrections may depend on the equipment used for the analyses. A considerable number of analyses (one in five) was found unusable mainly because of a rioisy signal. These analyses were omitted by visual monitoring of the x-y display in the CAMAC crate. The main source of error in the indices accepted was the noise present in the abdominal FECG. The FHR tracings obtained by abdominal· FECG from these four fetuses were of fairly good quality except in patient 4 who had a higher noise level. Consequently, this patient had a higher yintercept than the others. Most of the errors produced by the noise were rejected by the logic limits in the QRS detector, FHR processor and the analysis program. The maximum interval difference limit accepted in the program was 5 bpm in these calculations. In our experience, using this limit only a negligible number of true intervals is lost. The variability indices, especially DI, tend to become too high when calculated from a noisy signal. Consequently, the noisy signal creates a ,problem of false negative results, since good variability is a sign of a well functioning fetal autonomous nervous System. There seems to be no problem of false positive, i.e., artificially low indices when this System is used in assessing the fetal condition. There have been doubts about the usefulness of the abdominal FECG. With the aid of the modern microprocessor technology it is possible to construct a small size, portable equipment to be used on line with a cardiotocograph.
Appendix
Definitions of the statistical parameters used in the text:
Interval Index (II) is the Standard deviationof the fetal heart beat-to-beat intervals \ in percentage of the mean interval I, Π =100 · Ι 
as a Standard deviation of the relative interval differences, given in per mil,
where D is the average Di and Np is the number of pairs of successive intervals (number of Di 's). Hence the DI describes only the scatter of subsequent interval lengths. The original proposal for the indices presented above was made by YEH et al. [6] The scaling factors, 100 and 1000, were used to reach indices with practical values between about l and 10.
Summaiy
A silent pattern of a cardiotocogram is a visually recognizable marker of imminent fetal death. Visual evaluation of less marked changes in the fetal heart rate (FHR) variability is more problematic [5] . Statistical quantification of the FHR variability during pregnancy has succeeded previously with the aid of fetal magnetocardiography [4] . Since fetal magnetocardiography is not yet clinically applicable, this paper presents amethod for quantification of the FHR variability from abdominal fetal electrocardiography (FECG). This minicomputer-based QRS interval analysis System calculates the interval index (II) measuring the long term variability of FHR from all accepted intervals and the differential index (DI) measuring the short term (beat-to-beat) variability of the FHR utilizing only successive fetal intervals and their differences. The signal to be analyzed, the abdominal FECG, is fed into a QRS detector, the Output of which is connected to a FHR processor (Fig. 1) . The apcepted interval is triggered into a digital input register, the contents of which again are read into the memory of a minicomputer. A clock module of the interface is used to choose only the successive intervals in calculation of the DI. The console printer prints out the number of intervals used, the number of differences used, and the indices of variability. The validity of the variability indices computed from the abdominal FECG was verified by comparing them with indices eomputed from the simultaneously recorded direct FECG for four fetuses during labor. The percentage of successive intervals.was 67 ± 3% in the abdominal FECG and 97 ± 2% in the direct FECG. Hence the results calculated from the direct FECG can be used as reliable estimates of the true values. The II and DI, calculated from 60-second samples of both direct and abdominal FECGs, during 14 minutes of a
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patient's labor are shown in Fig. 2 . The correlation between abdominal and direct FECG in the calculation of II and DI from 37 samples of simultaneous recordings during another labor is presented in Fig. 3 
